INTRODUCTION
The United States and the European Atomic Energy Community (Euratom), on May 29, and June 18, 1958 , signed an agreement which provides a basis for cooperation in programs for the advancement of the peaceful applications of atomic energy.
This agreement, in part, provides for the establishment of the Joint U. S. -Euratom research and development program which is aimed at reactors to be constructed in Europe under the Joint Program.
The work described in this report represents the Joint U. S. -Euratom effort which is in keeping with the spirit of cooperation in contributing to the common good by the sharing of scientific and technical information and minimizing the duplication of effort by the limited pool of technical talent available in western Europe and the United States. The final report on Phase I of the program (austenitic stainless steels) has been started; it is estimated that this topical report will be issued during the next quarter.
During this quarter, testing of Type 304-L austenitic stainless steel was completed.
Thermal-stress-fatigue testing was started on ferritic pressure-vessel steel (ASTM type A302, Grade B), and work on this alloy is approximately half completed. Test specimens of Type 403 martensitic stainless steel were machined and the heat treating schedule worked out in anticipation of testing this steel during the next quarter. The machining of test specimens of Croloy 2-1/4 steel was also started.
.,
-PRINCIPAL INVESTIGATORS
Investigators on the project include K. E. Horton, Project Leader, and R. S. Stewart, Section Supervisor.
STATEMENT OF PROBLEM
The thermal-stress-fatigue behavior of reactor materials, in particular stainless steels, cannot be predicted by extrapolation of known data such as conventional fatigue data. Because thermal fatigue may be a major consideration in reactor core and vessel design, suitable engineering data are needed. The objective of this programis to obtain thermal-stres s-fatigue data on various types of stainless steels for the conditions that may be encountered in reactor operation and if possible to separate the effects of the various environmental and metallurgical variables. The is6lation of variables should allow a theoretical treatment of data that would eventually lead to the formalization of generalized equations for predicting thermal-stress -fatigue life for any reactor conditions.
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The tests performed during this quarter are listed in Table I . The and adequately predict failure. It was mentioned in the last quarterly report that plastic instability of tubular columns would probably be dependent on the ratio of wall thickness to mean radius, t/R. However, Figure 1 does not substantiate this expectancy, probably because of the gradual buildup of plastic distortion, which eventually leads to specimen instability. The sequence of photographs in Figure 2 illustrates this gradual buildup of distortion. To test this hypothesis, tensile test data and TSF test data are plotted in Figure 3 ; the tensile-test strain rate was the same as the TSF strain rate. It is seen that tensiletest failures agree with neither pure-fatigue nor instability failures. This same conclusion can also be drawn about Incoloy, as also shown in Figure 3 .
B. Fabrication of Croloy 2-1/4 Specimen
To obtain Croloy 2-1/4 material for TSF testing, it was necessary to purchase seamless pipe of 0. 150-inch wall thickness. This pipe is reamed and turned to 0.090-inch wall thickness and is then welded to end bosses Of 1018 carbon steel.
The assembly before welding is illustrated in Figure 4 . The heliarc welding will limit the length of the heat-affected zone such that it will not extend into the gage length. Figure 7 . The bar, and therefore the TSF test specimens, had a rather heavy inclusion content, as seen in Figure 8 . These inclusion stringers run parallel to the specimen axis and have not been found to influence the growth of fatigue cracks to any significant extent. Figure 9 is somewhat "gross" data scatter, although the scatterband is less than one order of magnitude. The primary cause for the data scatter is specimen oxidation.
The rapid growth of oxide during TSF testing is illustrated in Figures 11 and 12, and it is quite evident that 600°C is too high a temperature for continuous use of A302B in air. When the specimen is run in inert atmosphere, es sentially no oxidation occurs, as shown in Figure 13 .
The unusual appearance of an "etching gradient" in Figure 13a (see also Figure 1lb )
is difficult to explain. At first glance, the cause of this gradient appears to be a 0 difference in grain size; however, there is no immediate obvious reason why there should be a grain-size gradient. One plausible explanation for the relatively large grain at the surface of this specimen is secondary recrystallization due to the loss of carbon from the surface (and therefore the elimination of a two-phase structure).
The carbon is lost when the ferrite and pearlite are austenitized during TSF cycling.
Secondary recrystallization would not occur in the interior of the specimen because of the two-phase structure present. There is appreciably more pearlite in the interior of the specimen than at the surface, as illustrated in Figure 12b . This explanation also accounts for the slightly lower microhardness'of the surface as compared with the interior (ref. Figure 14) .
Another observation made on the 800°C maximum test ( Figure 13 ) should be pointed out. A close look at the upper part of Figure 13b reveals an indication of grain elongation. Figure 15 shows this elongation in a more striking way. Normally this elongation would be considered to result from plastic flow during TSF testing; however, the total plastic flow (NA €D) represented in Figure 15 is equal to 0.388 in./ih. as compared to 3,65 in. /in. for the equiaxed structure shown in Figure 12 . , Therefore, the high maximum temperature experienced by the specimens shown in Figures 15 and 16 results in gross specimen distortion (buckling, plastic. instability) and therefore grain elongation, even though relatively little total plastic flow has occurred. Conversely, the specimen in Figure 12 did not show a plastic instability failure and therefore no grain elongation.
The preliminary conclusion drawn.from the foregoing discussion is that plastic flow results in a permanent change in grain shape only if the specimen also exhibits a permanent change in shape.
The difference in hardness between the specimens showing grain elongation and those that did not is probably due to retained austenite. That is, the specimens that were austenitized (partially) during TSF cycling, as were the specimens shown in
Figures 13 and 16, retained some of this austenite at room temperature, with a resulting increase in hardness. The specimens that did not austenitize, and incidentally did not manifest grain elongation, were composed of a softer matrix of mainly ferrite plus a little pearlite.
Since many tests remain to be performed on A302B, it is premature to draw further conclusions.
PLANS FOR FUTURE WORK
Testingwill continue on A302B ferritic.steel with completion expected ih three to four months. Simultaneously with the A302B program, testing will be performed on 403 martensitic stainless steel. It is also planned to start fabrication of TSF test specimens of Croloy 2-1/4 such that testing will be able to start in three to four months. Table II Same as "I Same as "1"
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MICROHARDNESS INDENTATIONS ON SPE CIMENS SHOWN IN FIGURE 13
Note large indentation at surface (therefore, soft material) and small indentations at center (therefore, hard material).
All indentations made with 50-gram load. e
